The purpose of this report is to provide a brief literature review of the bone-added osteotome sinus floor elevation (BAOSFE) procedure and to present a case utilizing this technique.
Introduction
The use of implants has significantly increased prosthetic options for the edentulous patient. However, implant placement in the posterior maxillary region is often hampered significantly by anatomic limitations like inadequate vertical dimension, poor bone quality, [1] [2] [3] [4] [5] thinning or missing cortex 6 and undercuts. 7 For implant placement in the posterior maxillary region, the maxillary sinus is one of the most important anatomic structures. Following tooth extraction, the periosteum of the maxillary sinus can exhibit an increase in osteoclastic activity. 8 The resulting reduced bone height due to pneumatization of the maxillary sinus influences the length and location of implants. Previously, many fixed restorations terminated at the second premolar due to insufficient alveolar ridge height. 9 Many reports have also concluded when shorter implants (<10 mm) are placed, they are less successful than longer implants. 4, [10] [11] [12] [13] Thus, procedures like sinus floor elevation (SFE), which facilitate placement of longer implants in the posterior maxilla, have received a lot of attention in recent years.
Literature Review
SFE has been referred to as maxillary sinus elevation, maxillary sinus lift, t t sinus grafting, and subantral augmentation. The first report on the SFE technique using the lateral approach was published in 1980 by Boyne and James 14 although Tatum had presented this concept in 1977. 15, 16 This bone augmentation procedure has been modified many times, but its long-term success has been well documented. 17, 18 One such modification was presented by Summers in 1994 . 19 This technique uses a crestal approach and recommends the use of specific root analog instruments (osteotomes).
The Summers osteotome sinus floor elevation (OSFE) technique is more conservative than the more traditional lateral approach to the sinus. It offers the advantages of reduced morbidity, 20 shorter surgical time, 21 and reduced postoperative discomfort. 22 The aim of the procedure is to retain all the available bone and compact it laterally or superiorly. The antral floor is abfractured using root analog instruments with concave tips. The addition of a bone graft into the osteotomy is referred to as the bone-added osteotome sinus floor elevation (BAOSFE) created with the concave tips of the osteotome which provide bone shavings that, along with trapped fluid, help elevate the sinus floor upward. This bone graft is thought to provide a cushion during membrane elevation and reduces the risk for membrane perforation.
A thorough pre-operative assessment including clinical evaluation and a radiographic examination are essential to evaluate the amount of bone present. The radiographic examination should include conventional radiography (periapical and panoramic films) and sometimes more advanced imaging techniques like cone beam computer tomography (CBCT). Although Summers 19 did not define a minimum presurgical residual bone height (RBH) in the original article, other authors have made recommendations ranging from 8-10 23 to 6 mm. 22 A multicenter study by Rosen and colleagues 24 found a minimum RBH of 4 mm was necessary for a high rate of success for implants placed using the BAOSFE technique.
The consensus conference on sinus lifting held in 1996 23 made several recommendations for the surgical protocol for implant placement based on the volume of RBH. They divided the RBH into four categories:
1. Class A, >10 mm, for which the classic implant protocol could be followed.
2. Class B, 7-9 mm for which a BAOSFE could be performed along with simultaneous implant placement. 3. Class C, 4-6 mm would require a lateral approach with delayed or immediate implant placement. 4. Class D, when there is only 1-3 mm of bone, a lateral approach with delayed implant placement is recommended.
In 2003, Fugazzatto 25 recommended using the final implant length as a guide for BAOSFE. If the remaining bone height is equal to at least half the final implant length and if there is adequate buccolingual bone width, he recommended simultaneous BAOSFE and implant placement.
Reports describing the amount of elevation that can be predictably achieved have also varied significantly. In 2001, Reiser and colleagues 26 used a 2 mm twist drill to prepare the implant site to within 1 mm of the sinus floor in human cadavers. They found the sinus floor could be predictably elevated by 4-5 mm and often up to 6-8 mm. Nkenke and co-workers 27 performed an OSFE using endoscopy. They recommended 3 mm elevation for procedures done without the benefit of endoscopic visualization for membrane perforations. Findings published by Fugazzotto 25 reported wide range of bone gain (1-7 mm) with a mean bone gain being 3.5 mm.
The following is a step-by-step description of the BAOSFE technique:
1. Accurately predetermine available bone. 2. Make a crestal incision towards the palatal aspect of the anticipated osteotomy site and raise a full thickness flap for adequate visualization. 3. Use a small round bur to mark the implant site. 4. Use a 2 mm twist drill to the depth of 1 mm short of the sinus floor (Figure 1 ). 5. Verify the depth with a radiograph. 6. Widen the osteotomy site to 3 mm with a twist drill. 7. Verify the depth with a radiograph. 8. Place the bone graft of choice into the osteotomy site using a sterile amalgam carrier. 9. Use a suitably sized osteotome (<3 mm), advance by 1 mm with each mallet stroke till the sinus floor is infractured (Figure 2 ). Membrane perforation is one such complication. If the perforation is small and the bone graft is not dispersed into the sinus, then it is not likely to have an adverse effect on the healing of implants.
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Case Report
A 60-year-old Caucasian female presented with a complaint of pain and tenderness in the maxillary left quadrant of her dentition. Tooth #13 (maxillary left second pre-molar) showed a widened PDL space (Figure 4 ).
An endodontic consult recommended retreatment of the existing root canal filling. Endodontic retreatment was performed which involved removal of the silver cone and obturation with gutta percha. At the obturation appointment, a radiolucent line indicative of an accessory canal or fracture was observed. One month after endodontic retreatment, the patient returned to the clinic complaining of pain and swelling which was resolved by antibiotics (amoxicillin 500 mg tid X 7 days). Exploratory surgery was recommended to investigate the possibility of a vertical root fracture in tooth #13. The surgery revealed the presence of a vertical fracture on the facial aspect of the tooth so it was extracted atraumatically ( Figure 5 ).
The patient was given different treatment options and agreed to have an implant placed in the new edentulous space. A socket preservation procedure was not performed. The patient returned to the clinic for implant placement with osteotome sinus lift eight months after the extraction. The dimensions of available bone was 9 mm buccolingually and 9 mm apicocoronally ( Figure 6 ).
An osteotomy was performed using a 2.8 mm twist drill to a depth of 8 mm (Figure 7) . A bone graft 10. Check the membrane integrity by having the patient perform a Valsalva maneuver. 11. Place an additional load (about 3 mm) of bone graft in the osteotomy. 12. Advance the osteotome into the osteotomy to only the preoperative depth (1 mm short of the sinus floor). The sinus floor is elevated primarily by the bone graft. 13. Continue to place bone graft and advance the osteotome using the mallet until the desired bone height is attained. The estimation of the amount of elevation achieved can be based on 1 mm elevation for each amalgam carrier load of bone graft. 14. Widen the osteotomy to the final diameter using larger osteotomes. 15. Place the final carrier load of bone graft prior to implant placement. The implant performs the final step in sinus elevation 26 ( Figure 3 ). 16. Suture the flap to ensure tension free closure.
A variety of materials have been used in the BAOSFE technique. Coatoam and Krieger 21 used demineralized freeze-dried bone allograft and autogenous bone while Deporter and colleagues 28 used anorganic bovine bone mineral. Others have used autogenous bone and collagen sponge, 29 deproteinized bovine bone granules (DBBG), demineralized freeze-dried bone powder (DFBP), and porous hydroxyapatite (PHA). 30 BAOSFE can also be performed in single or multiple sites. If multiple implants are to be placed, elevation is begun on the anterior implant and the subsequent posterior elevation of the membrane is easier to perform.
The BAOSFE technique can also be complicated by intra and post operative complications. Post operative healing was uneventful, and the implant was restored six months after placement. The patient was seen for a one year follow up. A periapical radiograph taken at that time revealed good bone support and increased density of the sinus floor ( Figure 9 ).
Discussion
BAOFE procedures were introduced in 1994 by Summers and have undergone several modifications. Survival of implants placed using the BAOSFE technique compare favorably with those placed in non-grafted sinuses. A meta-analysis conducted by Tong and coworkers 17 reported on implant survival after functional loading for 18 months or more. The survival rate was 90% when autogenous bone alone was used and 94% when a combination of hydroxyapatite and autogenous bone was used. The survival rate increased to 98% when a combination of demineralized freezedried bone and hydroxyapatite was used. When hydroxyapatite alone was used, the survival rate was 87%. Based on this data, the authors suggested implant survival rates were similar for the different grafting materials.
The favorable survival rate of implants inserted using osteotomes can be attributed to the change in density of the alveolar bone. The compressive action of the osteotomes on the lateral walls of the osteotomy may lead to greater primary implant stability and perhaps greater implant-to-bone contact area.
Summary
Anatomic limitations such as inadequate vertical bone dimension in the posterior maxillary region was inserted (0.25 cc BIO OSS) and osteotomes were used to abfracture the sinus floor. Then a 3.75 X 13 mm implant (Nobel Biocare) was placed ( Figure 8) . A prescription was given to the patient for Keflex 500 mg (14 tabs, 1 tab q 12 h X 7 days). with simultaneous implant placement can be performed if the residual bone height is at least half the final implant length. A mean bone gain of 3.5 mm 25 through osteotome sinus elevation can be achieved. Implants placed in these grafted sites with favorable success rates has been demonstrated. 17 
Clinical Significance
The BAOSFE technique is an excellent procedure that can overcome limitations associated with the posterior maxillary region. may result in placement of implants that are shorter than ideal length. SFE procedures using a crestal approach such as the BAOSFE, in certain selected cases, can effectively and predictably increase bone height. This technique, which abfracts and elevates the antral floor using root analog instruments or osteotomes, is more conservative than the conventional lateral approach to the sinus. The addition of bone grafts into the osteotomy is thought to provide cushion during elevation which reduces the risk for membrane exposure. The BAOSFE
